
Balasubramanian Venkatesh
Jeremy Cohen
Mark Cooper

Ten false beliefs about cortisol in critically ill
patients

Received: 16 December 2014
Accepted: 24 December 2014
Published online: 21 January 2015
� Springer-Verlag Berlin Heidelberg and ESICM 2015

B. Venkatesh ())
Princess Alexandra and Wesley Hospitals,
University of Queensland, Brisbane, QLD 4102, Australia
e-mail: bmvenkat@bigpond.net.au
Tel.: ?61 7 31762111

J. Cohen
Royal Brisbane Hospital, University of Queensland, Brisbane,
QLD, Australia

M. Cooper
Concord Clinical School, University of Sydney, Camperdown,
NSW, Australia

Activation of the hypothalamo–pituitary–adrenal (HPA)
axis, an integral component of the stress response, results in
an increase in plasma cortisol concentrations. In critical ill-
ness, a syndrome of relative adrenal insufficiency (RAI) has
been proposed, which is thought to be associated with a
worse outcome [1]. Measurements of plasma cortisol and the
response to cosyntropin are used to assess adrenocortical
function in critical illness. It is important that clinicians are
aware of the fallacies associated with this approach in
determining adrenocortical function in critical illness [2].

A lower plasma total cortisol value is associated
with a worse outcome

The premise of RAI is that an increase in plasma cortisol
in response to a critical illness may not be of sufficient

magnitude for the severity of the stimulus that engendered
it. This suggests that random cortisol estimations in septic
shock should be over a minimum threshold value to
ensure the response is adequate. What constitutes an
appropriate baseline cortisol in the critically ill patient is
unclear. Studies have demonstrated a wide range of ele-
vated total plasma cortisols in stressed ICU patients. If the
premise of RAI is accurate, then this should translate to an
increase in observable mortality associated with plasma
cortisol values at the lower end of the range seen in
critical illness. However, multiple studies have demon-
strated that the reverse is true: higher random cortisol
values are associated with a greater mortality in septic
shock [2].

A single measurement of plasma cortisol gives a valid
estimation of the 24 h average cortisol level

Examination of spontaneous fluctuations of total plasma
cortisol in critically ill patients shows substantial hour-to-
hour variation; this may be greater than that seen with
cosyntropin stimulation [3]. This may result from erratic
release of pituitary ACTH. This level of variability means
that interpretation of a single random total cortisol mea-
surement is problematic.

Total cortisol assays are interchangeable

Total plasma cortisol is commonly measured by immu-
noassays. These exhibit differing degrees of cross-
reactivity to steroids other than cortisol. In stressed
patients, there is a generalized increase in steroid secre-
tion and the effects of cross-reactivity are exaggerated.
The same sample when analyzed by different assays can
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return substantially different results, often leading to
inconsistencies in the classification of adrenal insuffi-
ciency [4].

The incremental response of total plasma cortisol
to cosyntropin stimulation is a reliable indicator
of adrenal function and a predictor of outcome

A reduced increment of plasma cortisol of\250 nmol/L
following cosyntropin is commonly described as being
diagnostic of RAI and predictive of outcome. Although
the test may be indicative of adrenal function in certain
circumstances, controversy exists with respect to the
optimal dose of cosyntropin, end points for assessment:
total or free cortisol, the effect of plasma cortisol vari-
ability, basal cortisol and adrenal blood flow on the
cortisol response, and finally its equivalence with other
tests of adrenocortical function [5]. There is no consistent
relationship between cortisol response and illness severity
in critical illness. Importantly, subgroup analysis of ran-
domised controlled trials of steroids in septic shock do not
consistently report a benefit of steroids even in the group
purported to have RAI [6, 7].

A high increment on the cosyntropin test rules
out adrenal insufficiency

A substantial increment on the cosyntropin test has
commonly been suggested as a marker of an appropriately
functioning HPA axis. However, there are clear situations
where a high increment occurs in the presence of clini-
cally significant adrenal insufficiency. An example
would be recent damage to the hypothalamus or pituitary
following traumatic brain injury or intracerebral hemor-
rhage. Some of these patients may be left ACTH-deficient
and thus hypoadrenal but the adrenal gland retains
responsiveness to exogenous ACTH for up to 3 weeks
[8]. Similar hypotheses have been put forward in patients
with sepsis, although precise data on incidence of this
phenomena in this condition are not available [9].

Total plasma cortisol concentrations accurately
reflect the bioavailable fraction—plasma free
cortisol (PFC)

In health, 95 % of circulating cortisol is protein bound,
primarily to corticosteroid binding globulin (CBG) and
5 % is free (the bioactive fraction), but this may be a
more valid measure of adrenal function. In critical illness,

there is a decline in CBG concentrations and affinity
leading to a relative increase in PFC, which is not
reflected in the total concentration. Discordance between
total and PFC estimations is evidenced by the relatively
greater increase in PFC in patients with septic shock
compared to controls, and in the far greater relative
increment of PFC to cosyntropin stimulation [10].

Calculation of PFC concentrations is an acceptable
alternative to direct measurement

Direct measurement of free cortisol is complex, time
consuming and not widely available. Calculation of PFC
concentrations using the Coolen’s equation is unreliable
in critical illness. This method assumes a constant binding
affinity of CBG to cortisol, and does not account for
albumin binding, nor for the competing effect of other
steroid molecules. Comparisons of direct measurement
with calculated PFC in critically ill patients have dem-
onstrated significant errors of bias and imprecision
between the two methods [11].

Plasma cortisol concentrations accurately reflect
intracellular concentrations

Glucocorticoids exert their biological effects by passing
through the cell membranes and binding to intracellular
receptors. Intracellular cortisol concentrations are mod-
ulated by several enzymes involved in glucocorticoid
metabolism such as the 11b hydroxysteroid dehydro-
genases (11b-HSD), type 1 and type 2 and the A-ring
reductases [12]. The former enzymes are responsible
for the interconversion of active cortisol and inactive
cortisone, whilst the latter are involved in cortisol
clearance. In critical illness, there is evidence of altered
11b-HSD and suppressed A-ring reductase activity [13].
These in turn could impact on intracellular concentra-
tions, thus making it difficult to assess the tissue adrenal
response based on a plasma cortisol.

Elevated cortisol concentrations are primarily due
to increased glucocorticoid production

The increase in plasma cortisol concentrations have been
traditionally attributed entirely to increased production.
Recent studies, however, have suggested that a reduction
in cortisol clearance may also be an important contributor.
Decreased clearance may occur by downregulation of
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cortisol metabolizing enzymes in the liver and adipose
tissue caused by elevated bile acid levels [13, 14].

Treatment with ‘stress doses’ of hydrocortisone
in critically ill patients with suspected
hypoadrenalism results in physiological cortisol
levels

The typical ‘replacement’ dose of hydrocortisone in
severely ill patients is 50–100 mg every 8 h. This may

lead to grossly supraphysiological levels of cortisol [15],
and is in part due to the reduced cortisol clearance seen in
many critically ill patients [14]. Whether lower doses of
glucocorticoids should be administered in this situation
has not been adequately explored in clinical trials.
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